Introduction
Pacemaker-mediated tachycardia (PMT) is a common complication in patients with dual-chamber devices (DDD-VDD). This type of tachycardia is originated by an artificial reentrant circuit which uses the atrioventricular (AV) node and the His-Purkinje system as a retrograde pathway and an anterograde pathway that requires the presence of a ventricular stimulus after a sensed retrograde P wave (antidromic tachycardia) [1, 2] . Exceptionally, spontaneous QRS complexes can be seen in PMT (orthodromic tachycardia).
We describe a case of an orthodromic PMT with anterograde conduction through the AV node and the His-Purkinje system, and retrograde conduction by the pacemaker leads due to an inverted connection during the generator replacement.
Case Report
A 58-year-old woman underwent dual-chamber pacemaker (DDDR) implantation in 2008 due to symptomatic sinus node disease. The patient did not present devicerelated complications or symptoms of tachycardia during follow-up and reached the elective replacement indication (ERI) in December 2016. The pacemaker was replaced by a Boston Scientific model Advantio K083 device programmed in DDD mode with the following settings: output pulse of 3.0 V (pulse amplitude) and 0.4 msec (pulse width), pacing rate of 60-100 bpm, AV interval of 250 msec, ventricular refractory period of 250 msec, and atrial blanking period of 45 msec (sensed) and 125 msec (paced). After the new generator was connected, the monitor displayed paced ventricular beats at a stimulation rate of 60 bpm followed by spontaneous P waves, probably due to retrograde conduction (Fig. 1A) . Then, bursts of tachycardia with narrow QRS complexes were initiated by a stimulated P wave at 250 msec after an effective ventricular stimulus (Fig. 1B) . These episodes were recorded in the device memory as PMT, and the algorithm of PMT termination was initiated after the detection of 16 consecutive ventricular pace (VP) and atrial sense (AS) cycles occurring at the programmed maximum tracking rate (Fig. 2) [1].
After checking the presence of spontaneous ventricular activity, the pacemaker was programmed in the different pacing modes that are summarized in Figure 3 . The DDI mode put in evidence that the first stimulus activated the ventricle and a second ineffective stimulus occurred after an interval of 250 msec (Fig. 3A) . The AAI mode demonstrated that atrial pacing stimulated the right ventricle, and in the VVI mode, the ventricular stimulus activated the atrium and was followed by a narrow QRS complex after a prolonged AV interval of 320 msec ( Fig. 3B and C, respectively). All these data suggested that the connections of the atrial and ventricular leads were inverted, and thus, they stimulated and sensed inverse chambers.
After both leads were properly reconnected, the PMT immediately stopped. The patient remains without symptoms so far. Subsequent follow-up with 24-h Holter monitoring and device interrogation did not show new episodes of PMT.
Discussion
Pacemaker-mediated tachycardia is a common complication observed with dual-chamber pacing. Usually, PMT is initiated by a ventricular premature beat or a paced ventricular beat that is not preceded by a P wave within the programmed AV interval (lack of atrial capture or sensing) and is followed by a retrograde P wave that is sensed by the atrial lead. Once the programmed AV interval ends, the pacemaker generates a stimulus in the ventricular lead. The arrhythmia is sustained as long as retrograde conduction persists (antidromic PMT) [2, 3] .
Exceptionally, PMT may adopt an opposed direction. In this case, there is anterograde activation through the AV node, bundle of His and branches with narrow QRS complexes (orthodromic PMT).
This type of tachycardia was observed in the nineties in some models of pacemakers (Vitatron Quintech DDD 931, Telectronics Quadra 9221, Biotronik Diplos 06, Physios and TuR Reficard duo). These devices had the option of programming synchronous atrial stimulation following a ventricular premature beat to prevent the propagation of the retrograde stimulus. If the anterograde conduction was preserved, this atrial activation could propagate and activate the ventricles. The pacemaker would recognize this spontaneous ventricular activation as a ventricular premature beat (because it did not detect Figure 1 . ECG monitoring after connecting the new pacemaker generator. (A) Pacemaker rhythm with paced ventricular beats, followed by P waves which seem to be retrograde. (B) After the third paced ventricular beat, an atrial captured beat (asterisk) initiates a narrow QRS complex tachycardia at a heart rate of 110 bpm that is perpetuated by atrial stimulus. a spontaneous or paced P wave) and would then emit a new synchronous atrial stimulus which perpetuates the reentry mechanism [4, 5] . The second beat (AP-VP) corresponds to a paced ventricular beat followed by a second stimulus at 300 ms. Of importance, this second stimulus occurs due to the absence of retrograde conduction. The third (AS-VP) event corresponds to spontaneous ventricular activity detected by the atrial channel and subsequent atrial depolarization by a ventricular stimulus that perpetuates a regular tachycardia. AP, atrial pacing; VP, ventricular pacing; VS, ventricular sensing; AS, atrial sensing; PAC, premature atrial contraction; VP-MT, ventricular pacing at maximum tracking rate. (B) For better understanding of the event, a rhythm strip of the ECG is attached. The stimulation by the atrial lead (*) generates a paced ventricular beat that is followed by a retrograde P wave. When the retrograde conduction is interrupted, the device generates a stimulus by the ventricular lead (•) which activates the right atrium and triggers a tachycardia with narrow QRS complexes through the mechanism of atrial sensing and ventricular pacing. (C) Diagram of the atrial and ventricular refractory periods of the pacemaker: AV intervals (gray bar); postventricular atrial refractory periods (white bar); ventricular refractory periods (dotted bar); and blanking periods (black square). (D) The algorithm used by device to detect and terminate PMT within 16 cycles from onset. The postventricular atrial refractory period (PVARP) extends to 500 ms for one cardiac cycle to avoid atrial sensing (asterisk).
The PMT was due to dislodgment of the left ventricular lead to the coronary sinus, near the AV groove, and during sinus rhythm the stimulation of the left ventricle resulted in simultaneous capture of the left atrium and left ventricle. After left atrium activation, the electrical impulse propagated through the AV node and activated the right ventricle. This spontaneous right ventricular activation was sensed by the right ventricular electrode that triggered biventricular pacing and left atrial capture, perpetuating the tachycardia [6] .
In our patient, the PMT was caused by an inverted connection of the atrial and ventricular leads during generator replacement which produced stimulation of the right ventricle by the atrial lead. The retrograde P wave was wrongly recognized by the device as a spontaneous ventricular activation. In the absence of a P wave due to retrograde block of the ventricular-atrial conduction, the device emitted a ventricular stimulus which activated the right atrium. Then, the electrical impulse propagated through the normal AV pathway and activated the right ventricle. The device interpreted it as spontaneous atrial activation and emitted a new ventricular stimulus that triggered an orthodromic reentrant tachycardia.
Compared with antidromic PMT, orthodromic PMT has distinctive features as the ventricular stimulus captures the atrium and triggers the tachycardia. It is important to consider that variations of the AV interval could not have prevented the development of PMT. Conversely, the tachycardia could only be suppressed if the spontaneous ventricular event cannot by detected by the atrial lead due to prolongation of the postventricular atrial refractory period (PVARP) >350 msec.
This case has been useful to analyze an unusual mechanism of PMT and to understand the algorithm used by the device during this arrhythmic event. Despite the fact that the connections of the atrial and ventricular leads were inverted, the device was capable of making the adequate diagnosis and treatment of this type of event.
